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I NTRODUCT ION

The performance of aiy smokeless propellant used in cannon artil-
lery depends to a great extent upon the total moisture content of the
propellant grains. Since all smokeless propellants are hygroscopic to
some degree, various packaging methods have 'een adopted in order to
allow the user to hold to the old maxim of "keeping the powder dry."
The accepted practice for the bagged propellant used in separate loading
ammunition has been to trensport and store the propellant until needed

L. in reusable, sealed metal containers.

The propellant containers presently utilized are tested for any
leak's that could possibly admit moisture immediately after fabrication,
and again immediately after being loaded. However, there does not
exist a definite testing specification for the leak test after loading
and the specification for the leak test after manufacture is woi'ded
broadly and is non-specific in regard to any leakage rate or equivalent
leakage hole size. As a result, the present testing methods are capable
of detecting only gross leakage and do not provide an adequate measure
of the containers' ability to exclude moisture from reaching the pro-
pellant.4

To rectify this :ituation, a study was conducted to:

41. Establish the relationship between leak rate and equivalent hole
size for the various containers.

2. Measure the actual le . rate on a large sample size of each
container used to establish the upper limit of the leakage rate for
inclusion in a realistic testing specification.

3. Determine the availability arnd identify manufacturers of leak
rate detection equipment that is applicable for use on automated LAP
lines.

This report documents the efforts and results of these tasks.
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THEORETICAL LEAK RATE PREDICTION

Previous theoretical and experimental work has been done in the
field of relating geometric configuration to flow and pressurT differ-
ences. One facet of this work, based on jhe findings of HALL', was re-
ported by Slawsky, Schmidlin, and Lutzky.4 Their work showed that the
performance of a fixed-orifice pneumatic component under given operating
conditions could be predicted to within five percent accuracy by
consideration of only the orifice upstream conditions and a numerical
parameter defined as the flow factor.

Extensive theoretical and experimental studies have shown that

u = 2F r (l-r) (1)

and

(=T4 V F71-7 (2)

and
andF~Ir -(1-r) (3-r) (3)

3where

Q = Volumetric flow rate
Pu = Absolute upstream pressure (PSIA)
F = Flow factor
r = The ratio of absolute downstream to absolute

upstream pressure (Pd/Pu)
1,2,3 = Subscripts tht der~ote the upper, lower, and average

expected values respectively

If the flow rate and pressures are either known or specified, the
previous equations may be solved for the expected values of the flow
factor as follows:

(Q/Pu)
F1 = (4)

2 "7r(1-r)

(Q/Pu)F2 = (5)

22
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(Q/Pu
ut

F3 - (6)

1 7 _1 -r ) _(3 -r!3

The flow factor for a given set of conditions can usually be
obtained by actual measurements of flow. If the leakage path in the
container is considered as a short duct whose diameter is small compared
to the diameters of the channels it connects, then the following ex-
pression may be used to calculate the flow factor:

F = 16.5A (7)

where A is the cross sectional area of the leakage path, in square
inches.

Assuming a circular cross sectional area for the leakage path results
in the equation:

F = 13D2  (8)

where D is the diameter of the leakage path.

Using this expression in Equations 4 to 6 dnd solving for the
diameter yields:

D2 (Q/Pu) (9)
1 26 /r(l-r)

2 (Q/Pu)
2D (10)

3
•> 2 ~(Q/Pu),

:: °-D3 =(11)

l l13-113 Vr(1-r) (3-r)
2, 5

Equations 9, 10. and 11 illustrate that if the leakage rate is known
or specified in some manner, the hole diameter repres'rntative of that
leakage rate can be bounded.

Considering the perfect gas law as applied to the containers:

p1V = m, RT P2 V = m2 RT (12)

4 3



so that

(Pl"P 2 )V(mI-m 2 )RT (13)

or

(m1m (P l -P 2 )V (14)

12) RT

Since (m1 - m ) is the mass loss in pounds mass, we must convert this to
standard cubig feet by multiplying by the factor RT/pa so that

RT (pl-P 2) RT(ml-m2)P15-
1 2)Ta -RT Pa V

or
RT (pl-P 2 )V(ml-ma) P Pa (16)

Since this is the volume of gas lost through the leak it is equivalent
to the volumetric flow rate, Q, multiplied by the time duration, A t,
over which the pressure change (P1 - P2 ) takes place. This leads to

RT (pl-P2)VQAt = RTl-m - )(17)
(m-2) p~•, ~Pa P

or

(pl-P 2 )V V AP
Q PaAt - P (18)

where V = Volume of gas in container (cubic feet)
A p = Pressure change

Pa = Absolute pressure (14.7 PSI)
A t Time interval during the pressure change (minutes)

Using the results uf Equation 18 in Equations 9 to 11 and
also noting that

SPu = Pi + Pa (19)

where P is the internal pressure in the container, the equations for
determining hole diameters become

4
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2 V Ap 1 1
D 2

PaAt (Pi+Pa) 2 6 . Jr (20)

Pa At (P i a) 261.3_-r

2 V Ap 1 1
-D2 (21)

L P At (Pi+P) 13 "Vr(1-r)(3-r)

For testing purposes it is easier to measure volume in cubic inches
and time in seconds with the result that the equatiois become

29 60 Ap 1 1
a a

1728 At pa(P.+Pa 26"r(1r) 23

D2 60 Ap 1 1

V Vp

1728 At pa(P.+Pa) 1 (24)

60 Ap 1 1

2• - V (5 I

1728 At pa (P+P) 13 r(lr)(3-r) (25)

V Free volume in the container (in3)

Ap/At Pressure decay rate (lb/in /sec)

a AAbsolute pressure (14.7 lb/in3 )

Pi Container internal pressure (lb/in )

r = ktio of downstream to upstream absolute pressures
.' /P ,dimensionless)'d

i .
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LABORATORY TESTING

In order to validate the results predicted by the theory, a series
of tests were conducted utilizing an empty M19A2 container. The
laboratory test arrangement is shown in Figure 1.

For testing, the propellant rontainer was hal; filled with water.
This was done based on restilts cf earlier testing which indicated
that the average ullage volume in a loaded container was approximately
50 percent of the container's total volume. The container was connected
to a pressure source by utilizing the threaded hole tor the container
vent plug. A valve was included in the line to the pressure source
to isolate the container during the leak rate testing. A direct read-
ing pressure gage was connected as shown to give a gross indication of
container pressure and a Pice-Wianco pressure transducer driving a
"-Hewlett-Packard model 7005B X-Y recorder was included to obtain the
pressure-time decay curve. For more precise pressure determination, an
Ashcroft Digigage Model BCDO-500 digital water manometer was included
as shown. Leakage paths were simulated by venting the container to the
atmosphere by means of a vent line employing incrementally variable
orifices. A valve was included in the vent line to start and stop theleak test. The test procedure was as follows:

1 An orifice of known value was connected to the vent line, and
the vent line valve was closed.

2. The pressurization valve was opened and the container was
brought to a specific pressure.

3. The pressurization valve was then closed and the container
pressure was allowed to stabilize.

4. At the end of the stabilization period, the pressure indicated
by the water manometer was marked adjacent to the pen location on the
X-Y recorder.

5. The vent line valve was then opened to allow the container to
experience a simulated leak at the same time the X-Y recorder time
sweep was activated to provide a graphical record of the container
pressure as a function of time.

6. At the end of the test, the vent line valve was closed and
the test sequence repeated for a new orifice size or a new initial
container pressure.

Figure 2 presents the results of the laboratory testing for four
iwitial container pressures and simulated leakage holes from 150 to
750 micrometers (0.006 to 0.30 inches) in diameter. The plotted curves
were based upon Equation 20, and represent the upper bound on the

"6
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leakage rate as predicted by theory. As can be seen, there is a high
degree of agreement betweern the test data and the values predicted by
the theory with the exception of the data points representing small leakage
hole sizes at the higher pressures.

This anomal) could be explained in one of two ways:

1. Leakage paths existed in the test equipment and were not
apparernt at the lower test pressures, or

2. Additional leakage paths were being created in the container
seal at the higher pressures.

To test which of the two postulates was in fact true, the container
was replaced by a stainless steel Hoke sampling cylinder which was
known to exhibit no leakage. The remainder of the test equipment was
unchanged.

Figure 3 presents the results of testing with the Hoke sampling
cylinder utilizing an initial pressure of 34.5 kPa (5.0 PSIG) and
the same family of orifices as used with the M19A2 container. The results
clearly indicate that the test arrangement by itself did not introduce
any unexpected leakage paths, so that the first postulated cause can be
ignored.

The additional leakage paths therefore were being produced in the
container lid seal and can t. explained as follows: at relatively high
internal pressure, the net force applied to the inner surface of the
container lid is sufficient to cause the lid seal to lose part of its
sealing efficiency and allow some leakage to occur around the periphery
of the lid. This condition is more evident ror the smaller orifice
sizes because the container internal pressure remains at the relatively
high pressure condition for a longer period of time. At the larger
orifice sizes, the container's internal pressure drops sufficiently fast
to cause the additional leakage produced by the lid to be a second
order effect not readily observable during the conduct of the test.

It was therefore concluded that the developed theory was sufficiently
accurate for predicting leakage, hQle size based on observed leakage rate
provided the container test pressure did not exceed approximately
27.6 kPa (4.0 psig).

The Leakage Rate Curves

Equations 23 and 24 can be solved for the pressure/time decay
rate and yield

12 -
( - )= 748.8- P (Pi+Pa ) (26D

1 a a) /r-)(6i"At V u

& 9
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FILL PRESSURE =34.47 KPA (5 PSIG)

VOLUM~E -2347.9 cc (143.28 IN3)

09 0.010

LuL

THEORY

0.100 -- - - _____

0.001 0.010 .4

LEAKAGE HOLE SIZE (x 2.5 MICROMETERS) (INCHES)

Figure 3. Laboratory Test Results for Hoke Sampling Cylinder
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Ap 1 2 (27)
( -- ) = 432.3 - P (a +P -7

At 2V

It can be seen that the pressure decay rate varies with the effective

leakage hole diameter, the container's initial pressure, and the ullage
volume present in the container. If we now define a new variable, a ,s

V OAP
=Vu(--), (28)At

we eliminate any variance with respect to container ullage volume and
we have a as a function of only the initial container pressure and
the leakage hole size, so that

a. = 748.8 D2 Pa (PI +P,) (29)

a2 = 432.3 D Pa (P+Pa r (30)

Figures 4 and 5 show the variation of the quantities ,l and '2 as

a function of effective leakage hole size for container initial pressures
between 6.9 and 34.5 kPa (1 and 5 psig).

These curves can ba utilized in the following ways:

1. Given the maximum permissible leakage hole for a container,
one would enter the abscissa of Figures 4 or 5 and read up to the in-
tersection with the curves for the desired test pressure. The correspond-
ing values of a anda2 could then be read off of the ordinate scale.
Dividing these values by the container ullage volume would then yield
the limits of permissible leakage rate for that container, or

2. Using the leakage rate determined from testing a container, one
would multiply the leakage rate by the container's ullage volume and
enter the ordinate of Figure 4 or 5 with this value. One would then
read across to the intersection of this value with the two curves.
representing the actual container test pressure, and then read the
corresponding values from the abscissa to obtain the size range of the
effective leakage hole.

Ullage volume for either the loaded or unloaded container can

be accurately determined by employing the method used by Goes 3 .

i " I

411

- -;

S• •



9m M

.. .. .. .. ..

L

Leakage Factor

x 113 kPa - cc/sac)

.i .1 . ..... ....

10 1.0 0..1.0..

L -.-.. ... .... .

0.001 0.01 0.0m

LEAKAGE HOLE SIZE(x25000 micrometers) (inches)

Flgt're 4. Leakage-Factor curves for 6.89, 2C.68, and 34.47 kPa

(1, 3, and 5 PSIG)

12

_1 NOfI



1000 10 I I

Leakage Ficto* ---
(x 113 kPa - cc/sec) ---- ---

(p3;l-jn3/Sec)

10 1 0.01 --4- --.....

TI-

10 0. 00 1 -- ------

0.00010.01002

- 0.001 0.01 0.0

4- -0.01 0.10.

LEAKAGE HOLE SIZE(x25000 micrometers) (inches)

Figure 5. LeaKage, Factor Curves for 13.79 and 27.58 kPa
(2 and 4 PSIG)

13



LOADED CONTAINER TESTING
Background

As a result of previous work and the current efforts on leak
determination in propellant charge containers, sufficient information
was available to determine leakage rates or equivalent hole sizes by
the method of pressure decay per unit time.

The problem which remained was the specification of a practical
leakage rate as a standard for testing propellant charge containers
from a manufacturing standpoint.

It was suggested that,by measuring the leakage rates or equivalent
hole sizes in standard loaaed propellant charge containers which had
previously been deemed acceptable at a LAP facility, a maximum
acceptable leakage rate could be determined.

The container testing was comprised of t,>; ee specific operations.
First the ullage volume within each container was determined, next the
pressure decay leak test was performed, and finally the lid torque was
checKed.

Testing Equipment and Test Sequence

Figure 6 illustrates the test equipment arrangement used for the
ullage volume determination and leak testing. The instrumentation
consisted of an Ashcroft Digital Water Manometer (0.-500 in. differential),
a Himmelstein Digital Pressure Decay Leak Tester, a pneumatic control
box, a reference container and the necessary pneumatic supply and control
lines connecting these items together and to the container test probe
shown in Figure 7. Figures 8 and 9 present in mo detail the arrangenment
of the control box and reference container and th, functions located
on the control box, respectively. The control box was used for regulat-
ing pneumatic power to the valve controls and the test probe clamping
cylinder, and also for pressurizing the reference container. Pneumatic
power' was provided by a shop air system that was capable uf de'ivering
551.6 kFa (80 psig) and was connected to the control box by a quick
disconnect coupling. The test probe was attached to the container
being tested by means of the clamp and clamping cylinder shown in
Figure 7.

For clarity in followinq the test 4 ng sequence, Figure 10 presents
the test arrangement 'n schematic form. The detailed test procedure
was as follows:

I. Recird container type, lot, and charge.

2. Turn all valves on the control box OFF.

3. Connect pneumatic power to the control box.

14
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DIGITAL WATER MANOMETER
(0-500 IN. DIFFERENTIAL)=-',"-PRESSURE DECAY LEAK " • SUPPLY VAIIE Vl,

DREFERENCE TIE

1 I, .- CPARGING VALVE

•;"• " ° SUPPLY

• LINES

Figure 6. Test Equipment Arrangement at Aberdeen Proving Ground
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4. Turn on pneumatic power.

5. Adjust supply and control regulators.

6. Push clamping cylinder release valve (V3).

7. Turn on power to the clamping cylinder.

8. Open reference container charging valve.

9. Charge ref rence container to 17.2 to 41 kPa
(2.5 to 6 psig), then close charging valve.

10. Number sequentially containers to be tested.

11. Reset all instrumentation.

12. Open supply valve (V1) and record the pressure after it
has stabilized as P1.

13. Position test probe over the vert plug hole and clamp
the test probe in place by actuating the clamping valve (V4).

14. Open the container valve (V2).

15. Allow the pressure to stabilize then record the pressure
as P2.

16. Close the supply valve (VU).

* 17. Start the leak test instrumentation.

18. While the leak test is in progress (100 second duration)
the following must be accomplished:

A. Charge the reference container.

B. Replace the vent plug on the previously tested container.

C. Remove the vent plug from the next container to be
tested.

D. Check the lid torque on the previously tested container.

19. When the leak test is completed record the pressure re-
maining in the container as P3.

20. Close the container valve (V2).

21. Release the test probe by actuating the release valve (V3).

22. Return to Step 11, aboveand repeat the sequence for the
next container to be tested.

ii ~ .20 -
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The data necessary fcr the determination of the container ullage

volume was obtained in steps 12 through 15 above. Since the test
arrangement represents a closed system we can use Boyle's Law to

determine the ullage volume. Noting that Boyle's Law can be expressed as

PlV1  = P2V2  (31)

for the conditions represented by the described test arrangement, we have

P1 (VR+VL) = P2 (VR + VL + V1) (32)

where P1 = Pressure at the start of the ullage volume test.

P2 = Pressure at the end of the ullage volume test.

VR = Volume of the reference container.

VL Volume of the line connecting the referenice and test
containers.

Vu = Ullage volume in the container under test.

Solving Equation 32 for the ullage volume and rearranging the terms
we have

Vu (V + V)(__1) (33)
u r L P2

The reference volume used in the testing was an empty M19A2 propellant
charge container for which the volume had been determined to be 1377
cubic inches. The volume of the connecting line was also determined in
the laboratory and was found to be less than 1% of the total system
volume. Due to this minimal effect, the volume of the interconnecting
line was ignored during the ullage volume calculations, and Equation
33 reduced to

P1... ,Vu Vr -- I (34) •

A stabilization period was included in the test sequence and was re-
quired prior to the recording of any system pressure in order to minimize
the introduction of errors due to the adiabatic heating/rooling caused by
the pressurization or de-pressurizatior of the various volumes in the
test arrangement.

The pressure transducer available for use with the Hinfielstein leak
detection equipment had a ranre of 0.0 to 344.7 kPa (0-50 psig) and had
a sensitivity of ± 0.34 kPa (1 0.05 psig). Early in the course of
laboratory testing a comparison of the r'eadings obtained from the
Himmelstein equipment with those obtained From a water manometer
indicated that the pressure transducer was riot sufficiently sensitive

2 ___21
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for measuring the small leakage rates encountered. Since there was
insufficient time prior to the testing scheduled at APG for the purchase
of a more sensitive transducer, the Hlmmelstein equipment was used ,•nly
as a reference, and the readings from the water manometer were used
for the leakage rate/hole size calculations.

During the course of the loaded cortiner testing, a container
exhibiting a large leakage rate which also did not meet the minin
required lid torque of 2.6 kg-m (225 in-lb) was retested after th
container lid was re-torqued to within specification to determine if
the leakae was caused by the lid seal or the container.

Results of Testing

A total of 351 containers of various sizes and lots were tested
at Aberdeen Proving Ground during the period of March 1979. The data
obtained from these tests are presented in Figure 11 organized by lot
number, propellhnt charge, ana container type. The columns used in
the figure are identified as follows:

TD - An arbitrarily assigned identification number

TORQ - The container ',id torque in inch-pounds

PI - Auxiliary container pressure at the start of the ullage volume
test in inches of water.

P2 - Auxiliary container pressure at the end of the ullage volume
test/container pressure at the start of the leakage test in
inches of water.

P3 - Container pressure at the end of the leakage test in inches
of water.

hese data were then utilized as the input to the computer program
,sh, .... irn Figure 12, which calculated the container ullage volume, the
effective leakaqe hole size and the statistical summaries for each
container type, lot, and charge combination. Tables 1 through 9 present
the resu•lts of the computer runs for each container type, lot and charge
combination. fables 10 and 11 present the combined data regardless of
container lot for all the M14A2 containers with M3 charges and the PA66
containers with M138E1 charges, respectively.

During the conduct of the test, 17 containers exhibited no
"measurable lid torque and were not included in the prevIous statistical
sunrary. The lids on these containers were re-torqued to withivi
specification and 'then tested. The results of this test are presented
in Table 12. Container ID #3 exhibited gross leakage. This condition
could net be corrected by re-torquing the lid and the container was
omitted from further testing. Container ID J12 did riot have a sealing
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LOT NUM43LH HNi C014 fA NENi

L M.,6-*, 1A 47~ AgiiM

0U0, .SL,11 Iltieu) 1UIed.o j-.,.U (fljb Jb1. 1et)OU Uht3.ib fl9$.

009 350 e0 U06 1.~ ('+ U" -J00U . 3i *,)i"IuhoUw1 *~~i 7 104.

L0t i) 14tit . U I t L. ' I -). 1 (0 . !)N I Il f' 9a 43 b 0 vt

out, it). 1 1'4. 1 fl~j u k.)c.b Oil (211 I i4 I J iOJU ,. 1 09t.3o9
018 et4o. le4.0 l,+r U 1.3. 6 Ui,j 3,31 1'. 1 0 10 o-w.j

Lei~0.1 N JMtit 11 1 A~(. I~' 4,jt t(~U ~
030 -lk- I5 1- 1$* IY 1 u. uiI 1'.U 1A U e0.

0 1 e4111j ,4U4,*

oe-U 200 1 4), 1 '1 Og 1 0U, je b (qb.U 0,1).



LOT NUMbEH CHAKt((t' LUNIAINER

IND-77A-5691#'iM MImts1M IA66

1U= I 01-N pI e , 1U= TUt<( 0 1

o J b 3'1) 1~ . f(. copU IA 0e (j J9 3DU. ibU.I 08b. 08be I

04e e40 . 17 1. U A~i o). I Uot,.e 0-g 4tJ j -u, 08bob 0866.4

044 340. 111.0 0 - ( Ud~' W3, jJU. 111 9 019.4 0(94*

046 J51 .I 1 0U Pd . OL. Uf' i u0 + +10,u ) U 0 4 9 0 17.J

0!1U TOR. t-j. 1 t' .9 U0IUN - 3U lb* 08e. P23

O~ 40 bb 0. 1c.4 U ob1. o~ ,40 7 1e- I U0 085 0 06 ObFe

014 310, 14b,6' 1) ~1 i* t'4 U f u j)U. , f-I 0* 080.1 077eU

L01 1-4JMbE .- t(, CUN I AININ

1U= TO~'J PIi He i= luNkj P1

Ole' 130. 1 14.3 0i~ Uf-i .3U o 1 d40.1 Ib~el Jbbe.1 Oeibo!i

Figur ?U0, (I nt Raw Tes Dat 0ro Lode M~tle TestingJ. "4o 8 .9

va 3 . 1 J 9 4)1' oi i u. i!,IG b S 8



LOT NUM81.N CHAHG(E CUNIIA11ER

CIL-67J31 l9(64 M4AL2 M13A2

1U= IONLJ P1 4 1- 3 10= TUN(J lP P2 P3

1OJ04 V~ 144.1 W'r 1 UvF * U 104 10. 12bei 0'9,le.2 o93.e

W)b L25. 109.4 ')bC'ds 016.(106~ 140. 117*4 081.2 086.1
101 140. 1?-1.0 06,4,08 Ub$.d 108 I40. 111.0 081.8 080.1

109 190. 114.8 0 U? b4*5 110 lit)* 088.9 O6bb3 066.1

111 240. 104.4 0 I',.9 U 16.2 11e2 1 0. l'a..4 078.1 077.4

1 b 32b. 104o!3 181.13 60*0. 116 310,. 10 1 . 0 7b * 076*1

It !0. lo.b e n0800 0fi..*9 118 25U. 113:5 084:581:
19 150o 10. U 01h ( It 0f6.2 Ileo ee U. 102.b 077.1 61

12ie1 200. 101.e Oto.2 U1. 1';o 22l e .et. 094.4 u1O*7 066e9

12.4 I 0, 086,J n6b)*9 0b4.9 124 l'aO, 112.1 083.4 082.1
let) 23 118.4e nd/.4 U87.0 126 200. 101.4 079.1 0li*.'4

let 220. 100.1 01-t.'9 014.1 1 e8 ?4U. 11h.0 087.1 0,IS.90

1c9 180. 1oue-i 0or,.6 082.0 144) eb0. lub.9 018.2 05b.1
141 e40. 115.0 Obeh.0 085.34 13? 140. IOtb.4 079.9 019.3

IiJ 351, 104,e 0(1.3 U/6.b 134 11U. 111.9 087,5 086.9

145 290. 101.5 nl'i.4 014.9 136 21to. 098.!D 073.2 072.8

141 e30. 1 14.ki 0bn.? 0b'i,. I148 33U. 0,4b e1 012,3 0*11.8

IJ9 250, 101.9 nf10*4 015s1 140 12e5, 110.o0 0ile 10 080.9

141 IP0, 10?.bo 01".7 014.9 14e 1,:iV 10iob 077,7 071,1
14J ?r-5, 114,6 b 0&,3 U04.5) 144 180, 119.-i 088.1j 087.2

145 350. 10.1.0 06799 087.1 146 210. lleel 084,7 081.9

141 150. 106.1 n01A.9 01R.J 148 400. 111.4 084.7 083.9

149 200, 10e.0 olf-ý.9 U16. 150A 2e!. 092.1 070.2 069.8

151 180. 102.4j fI % uI i ll1M ? 1 LOU0, 129.0 09b.0 094.4

Figure 11. (Con't) Raw Test Data from Loaded Container Testing
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LO) NUMtiLN CHANGE. CON FAINER

LIL-6743l i911'i M4Ae- M13A2

10= TORU P1. 1( P3 IU= IONQJ P1 pe -

1b4 351, 1 U4. t fldu. r3 0. 1tos 4 J!bU . 10 7. 080.5 079.8

155 120. 1 0b.t~ n 6 1 93 UtSO eCb 156 20., 109.4 081,3 080.8
I1 I 22b. I Os. j 060*5 0(9.9 158 150U'. 105.9 07S0.9 018.9
1!29 e00. 110.9 0Oi?*7 U62ee 161) 220. 0941.4 014.s5 072.9

161 451. 110 9 t 003.1 002.4 162 440, 10b.1 079.3 018,4

164 225. 101.0 019.9 018.9 !h4 161), 107.6) 079.9 07o.b
165 175. 105.9 01m.7 U(7.6 166 2e!5. 09b.3 072.7 011.9

161 175. 101.1) ObO.2 0(9.e Ibb 451. 114o0 086.1 085.4

169 3b1. 041.1 0('i.f U13.1 1(0 451l. 097.1 073.6 u12.9
111. 104.1 0179t 0(6.9 Ile 22b. 1U099 08.i12 082.1

114 It50. 114.4 063. 1 tlb?.b 114 et0. 101.1 1)76,1 017b.4
11!5 400. 101.5 Ohh.' 016.e l11 J44. 114ee 085.0 084.1
lit e30. 114,e n~-3G 0$4.4 118 ?et), 10-1.9 080.7 019,1
1(9 450. l11.4 064.4) U03.4 18U 12). l0604d 060.2 1)/904

181 ebb. 1)2.3 OtA1.6 060.I 13 Lc OU, Ud!s. 06b.5 066.0
184 115. 11)0.1 OciS? U(4.1 14 451 Jt i1.le 1)96.5 095bb

1185 b50 11.IIt)t 004.7 u1)3, 1 186 280. 109.41 084.1 083.1

181 180. 094.5 017.0 016.4 188 151). 104.1) 07'1.3 016,1
18t9 210, 091.e20 0~9 e1 0 t.4*.4 190 260. 110.4 081.7 061.1)

191 230. ivt5.ý otA?e7 081.9 19e 21)0. 104.0 0)71.7 016.1

194 400. 0911, 0(3,4 Of 1 14 190. i0U@., 015.9 014.1
195b e50. 09, 'lle'7 Uf9196 itiU 097.2 073.7 0/4.0

191 240. 0 96. 9 n,4, 01-7,1 19b eeu. 10Otis1 080.3 0)199U

199 e20. 100,6 0(4.'4 0(4.* 201) 3!30, 0941.4 074.1 013,e

201 3006 09,1,u (; f6e 1 0(5e. l~e 150., IJ5.4 100.3 0490!5

* Figure 11. (Con't) Raw Test Data from Loaded Container Testing
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LL

LOT •Ut•5Li (;r1PfIt CUNI AIN~N

LUJ 115- 0 ) I , 4 J r 4 1 b U . UTQNl 0 0 0 UhU 0U( 1

:?U 000. 01i9."3 1.), ... Ube.I eut. ?)U . 091.3 U6.3a.6 0 h3.0

L U 1C U0. 1.9 h 4-,,$ U1 s.3 ? 0h 'IU , 105-b 014-b 014*.

211 180. 1to./, r*at JbIat e' , Id U. i ?-.) 0 5o.62 08b.9

.?1 1Io4. 11U. to 0 W o .9e 1 3 11iz. 1i(* '.J 04h. 94 to.

2e 150 1 1 41.t+p9 •,! u"7s e. Ie bu. I IuI.v 074.9 h303.d

2e9 1O0. I 1 , 1 0 Oj.~ Jbld.I e I'JU 20 103.14 07t3 7 0It,*.42eb e'3U. I IJ. f At;, 9g. t iý 2 I1dU . I _3e 61 U b M )J Udbo

2J 1 160. 1,I 1) 1 1.4 UI-.J eje 1ulO. I e.0 U1l.1 0115.244 IbO. 101.6 l) .( i ut?}., ' •j5 U,. 110., (Pil.4 OLi2.J1 U I50, 6 ro i f I* t u/l• I t , .4 I!uD U . I 1 o. Ub o4 00e . J
2-sh 1(60. 1lbe.d Wi't)° a , 000 , ? 6 I3 f U I It) . o O U,0.3 0 600

?.SI 140. 1 J.5 4 1) 19 9e.ej t eA+U . 11'a*s 07b.9 0 18 e

241 130. 4I0b9 o01.t- VfT., 24e 4,'. 106.' 0146!.5 04.4

24J 200. 101.1 014.7 U('..5 e44 Inf. i09.2 075,7 015. 5

245 190. 10.4 hl-,c U13,J e4b e10. 101.1 070.7 070.b

241 eO0. 1beo 0 f. ) Clti. o ?(5 4b 19U. 0bN.1 05414 047.4
249 180. 0U..b r) I (i.1? U 1D u I108.4 015o. 0/4.'

Figure 11. (Con't) Raw Test Data from Loaded Container Testing
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LOT NUMHtLR CUNIAINt-jI

D= 10', k j 0 ld 10= I UH~U P I p e p

iet'b 3b1 10i. y 0 ,11 0 17 1 ebou ii 104ab 1 0 c 3 0 120.~

et ! O'bU! V0 0f.:7 tl4+. I ?:' J!ý I 1096.4 015. 074*tA

2/l 351. 101 ()1.-41 U f -. U ~ebU Jt~i* Ub03.p U)b. 046*b

01 451 11. 0 17t-1 Ul,9 U ~ f Q ct 0, 109e94 U75.7()1 04b.
?bi 451.. 0 09b, fl~4e7 U0+14 eD1?4 Jn 096. 1 J 756 015*1

2bt1 !31 110 0. 0 n ILI03 U11. 1 ?bb JIJ I 1097.4 01.45 074.4

265l 451, (9beb n0,00. V/'-.Y et~ 45±. 104.6 U76,6 076&b

261 jOU* I 95*9 0 14* 0 4.1 e I J'~U 1 02. 072,31 080.0

?15 340.1U 09. 0 1 U0.3?f1 Jý e9 .I~ l044. 075,e12 075. 10

219 4bl. 101.1 nt(9.3 ut4-.8 1J00 451. 101.5 0(9.8 067.1

Figure .1'1. f Cnt Raw Tes Data fro Lo0ded Ctane Testing4UY,4
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L04T NW8L14 HA(A UNIATNLW

2 IA 1? ~~M19AI 1: 1:

Ic OROI P'1 -~ 3 1(1)= TUH( e1 P P3

30/ ebO. Ile.9 i , . UI t.I .3M v e I lht)o.i o~. j/e~*'

.31 U 0 Il5O I ?e. 6 10.4 UI P. Air j ,-!eU . I ke .i ut'i.' thi.'

319 e300. 10 119. u/e I tid d(. I8.f Oth.3 7

3411 tO0. 116.1 1f i. U A) I~ -, b 1U . I11(05 , 04 0. s1 0 4.

23 4 J50, IIJi. ~T.,4 u,- s eU I54 JUiU j. IU 1J 01. t.4

3j I t)bI0 ly 01)1b h. A UiI). 3e~ i iu 3b.e (18j.3 Ot-t Uj.
341 1 00. 11e .e 91, u ,i h 1 e Uu . id1j. 071..0 013.e
319 34 1. 119v. 0u/1 1 UI. ! 4I h J U d. 1 18.01 074.4-> fo*6

341 400o. 1.11 U jW* ,J.I fj*9 3' .3i ~. 1i .. utv.3 ()Iiy.

Figur e I. 114.1'1) RawU I Tes Dat from Lode Cotie Testing?0 ?..

.3- 1 0, e-)o 01- 1 J L) 0 Je4 . I f*I U~),42t99

3C 4.0, .~t) J1 . 4 . Iti u O U 8)



DIMt-N ,',ION ID IL0(0. %TOP( 10E, *P1( 00s) 4`20(110) .P3(' 010'
+VILt U( 100) 7- 10 0) D 100()

TT'=0.

TTD= 11

I IUJ= 9

TTP2= 0
TTD2=0.
M= fl
PEADc591) 9

60 REAID(5%2) M'4,'%LOT~IXLOT29,CH'F6ECD'4T
IF(EDF(95)) 10,20

20 Do 30 I-1,P-,2
30 REFRD(.53) ID1I. iRI,1I,2I,:(

MV=0.

TD=f".

I IUF(FP= 0

TG2= P .

TD2= t?.
DO 4) 1=l19N

VIJL F=YULLP 1 1I728.

P I I ) =P' I ( )27 .0-, ?

P3 I =93 (I ) 27.69,",

9( 1 .=(*(P2( E p~ I +i., *t .*LL
R=4 ( 'P.f'I+14. v-7.4

tlý I :'=<:k3PT D2)

fQ=T@+a)( I)

Figure 12 Data Reduction Computer Program
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IF ( TDOR I. .LT. 2 5. I!~I=TI'f

TY2 =TQV2+ (Q Y I") *402

40 TD2=TD2+(D(l)**2)
TTY=TTV+TV
TTQ=TT91+TQ
TTD=TTD+TD
ITO=ITU+IOBRID

F,, ITLI=ITU+IUBPD
TTV2=TTV2.TV2
TTQ0?=TT02+TQ2
TTD2=TTB2+TD2
M=M+ti
YAVG=TV'ti

DRY'3=TD'9i

WRITE(694) CUMlTqXLO11 !,Xl-T2,CNHR'5E
WR ITE (695)
Do 50 1=19h
IF(I.EQ.3:3.DR.I.EQ.65.OP.1.Eg..97) t50 TO3 70

'30 TO 80
70 WFRITE(6v5)
so COIT I WE

WRITE(697)
50 TO 60

10 TVRVG=TTV'14
TQAVG=TTQ/i1[I ~1 Th6=TTD' M
YARTT-(M.TTT2-(TTT.*2 ))/(M'(M-t ))

VARTY=(M.TTY2-(TTYQ..),(M(M1)

YVARTD=(M*TT'D2-(TTD..2))/(M.!(M-l')
WRITE(6%8) TQAV'3'VPFTtG.TDRV6,YRRTD-jM9ITUeITO

.1 FOJPST(F8.0)

i FGRNMT(13vRl0'f#1Ov~10sAl0)

Figure 12. (Con't) Data Reduction Computer Program
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3 FCPMAT( 13-1 XPF4.0 2>e. F5 .0,y IX YF~5 091 X F5 0P X, x13 P X PF4.0 ,
+2'X -PF5. 0, IX!,F5 .0 ,!IX 9F5 0.0

4 FORAT ( IH 1 ,.-1 /,10X , 17H,7ON TRI HER TYPE- R 1iO.1 OX ,
+17HC!0t'RAINER LOT--- qKIq0'qI/PlOX,
+17IH2HRIPGE TYPE -- ,PRIl)

5 FOpMFPr(// ,33X'99NEFFECTIVE,, ,6' ,ý3HLID.4ý-,96HU~kLLA'5-E,
+,IX,4HI'LOW 9C,6:X,94H-*OLE ,i,IX,3N5'/M ,1X ,6HTOPIQUE ,2X ,6HVO3LJtIE,

6 FO3PMFeT(1X.13,1X-,F6.1 ,1XF9.3,y2(1X-PFIO.7))
7 FoPeMF4r(/,'/'.1x,19t4STATISTICAL SlJMM~lRY.4Xv4#4MER1i,10X,

+$NVPIA~tEr' IX'3HULA6 ,qLUMEq5XvFl0.4-P5X,Fll.49/v

+14HýOLE SIZE (IN:' ,p4XFIO.7-,5X,F13.109,'//X,9NTOTAL OF 0
+13,20H CONTAI1NERS TESTED: 913914H UNDER TORQUED

,33X 13 13MOVER TORQ~UED
b FORMAT</-,,,, IX ,5HTOTA#L9,/, 1XI 9HSTATIS-1ICAL :SUMMAFSY,4X,4NMEAt

+!,10ŽXI-$VARIFrNCE,// ,llHF-LDW (SCF~l) 7XvFlO.7v5XPFI3.1O
+/,lX,14P4HOLE SIZE (IH' ,4XFlO.7P5XF13.10O//vlX,
+.9HTflTRL OF -P13T20H CONTRIMEPS TESTEDT 9137
+14H UNDBER 1DPF~lEDP,,,3:3XI3Pl3H OVER TORQUED

STOP
EN4D

Figure 12. (Ccn't) Data Reduction Computer Program
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Table 1. Leakage and Ullage Volume Results -

M14A2 Container, M3 Charge

L
CONTRINER TYPE- M14A2
CONTRINER LOT--- RA]U-67-627-1970
CHAISE TYPE -- M3

EFFECTIVE
LID ULLAG5E FLOW HOLE

.&'N TURGUE VOLUME (SCFM: DIAMETER (IM)

1 351.0 583.728 0.0000000 0.0000000
2 351.0 592.376 .0000496 .0005465
3 351.0 613.84:3 .0002055 .0011305
4 351.0 512.657 .0.0000000 0.0000000
5 351.0 508.411 .0000851 .0006816
6 351.0 522.818 0.0000000 0.0000000
7 351.0 495.913 .0000830 .0007122

11 351.0 529.728 .0000887 .0007182
9 250.0 506.853 .0000848 .0007027

10 351.0 498.913 .0000835 .0006794

STRTISTICAL SUMMARY MEAh VR IW4ACE

ULLAGE VOLUME 536.5240 1873.7996
FLIO (SCFM) .0000680 .0000000038
HOLE SIZE (Ih) .0005171 .0000001495

TOTALI OF 10 CrONTAINERS TESTED: 0 UMDER TORQUED
9 OVER TORQUEID
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Table 2. Leakage and Ullage Volume Results -

M14A2 Container, M3 Charge

COIITRIMER TYPE- MI402
COMTRIMER LOT-- PARi-68-017-1

9 71

CHRRGE TYPE -- M3

EFFECTIVE

LID ULLRIE FLO4 HOLE

S/" TORQUE VOLUME (SCFM) DIRMETER (Ihi)

14 260.0 511.262 .0000256 .0006923

15 200.0 492.609 .0010718 .0024864

16 250.0 481.140 .0001208 .0068613

17 205 . 0 505.072 .0000845 .00067PP

18 240.0 282.686 .0000710 .0006418

19 130.0 518.156 .00320E6 .0041815

20 200.0 491.877 .0000823 .0006678

21 300.0 527.850 .0003975 .0015126

22 250.0 552.305 .0002773 .0012797

23 150.0 547.839 .0048594 .0350791

24 200.0 579.225 .0000969 .0007336

25 150.0 569.746 .00019,'7 .0010:354

26 250.0 525.910 .0000440 .0064949

27 351.0 405.684 .0000679 .0006274.

28 240.0 556.926 .0005593 .0017798

29 175.0 !536.305 .0004488 .0016117

:30 175.0 549.238 .b002298 .0011205

31 140.0 541.881 .0000907 .0007110

32 210.0 564.760 .0001418 .0008742

33 "351.0 543.403 .0000909 .0007219
:34 230.0 532.512 .0001337 .0008621

13 225.0 476.224 .0001196 .0008236

:STRTISTICRL SUMMA•Y PEi*M VRPIRMCE

ULLRGE VOLUME 513.3905 4154.1465

FLOW (SCFM. .0005669 .00 0 fJ13786

HOLE SIZE (IM) .0013398 .0000013770

TOTAL OF 22 CONTAIMERS TESTED: N11 E rFI.' TO0PCUETO
2 i'ER TO-'PUED
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Table 3. Leakage and Ullage Volume Results -

PA66 Container, MI88ElM Charge

CUNTAFIIER TYPE- PR66
COMTAIMER LOT-- IMD-77R-S69716R
CHRRGE TYPE -- M198EIM

EFFECTIVE
L ID ULLAGE FLOW HOLE

S./ TORQUE VOLUME (SCF") DIAMETER (1Ih)

36 351.0 1388_.58 .k •01162 .0,08491
37 330.0 1382.486 0.0000000 0.0000000
38 351.0 1375.239 0.0000000 0,0000(
39 350.0 1137.862 0.0000000 0.0000000
40 340.0 1387.366 0.0000000 0.0000000
4-1 351.0 1368.426 0.0000000 0.0000000
42 240.0 1434.176 .0001200 .0008540
43 350,ý0 1408.084 .0002357 .0011898
44 340.0 1377.000 0.0000000 0.0000000
45 350.0 1391.529 .0015138 .0030463
46 351.0 1405.295 .0014112 .0029205
47' 330.0 1345.783 .0001126 .0008469
4e 280.0 1370.573 .0301147 .0008375
49 340.0 1370.340 0.0000000 0.0000COO
50 275.0 1365.231 0.0000000 0.0000000
51 250.0 1397.053 .0001169 .0008544
52 340.0 1386.990 0.0000000 0.0000000
53 325.0 1372.174 .0001148 .0008382
.54 310.0 1358.615 0.0000000 0.0000000
35 350.0 1446.764 .0067797 .0064961

S:TRTISTICRL SUMMARY MEA94 VAR IAhCE

I.LLI-- VOLUME 1373.4778 3655.9260
FLMW (SCFM) .0005318 .0000023541
HOLE SIZE (Ir0) .0009366 .0000025358

TOTRL OF 20 COfITRIhERS TESTED: i;,U1EF' TOF".:UE

4 OD.'EP TOF:.'UEE'
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Table 4. Leakage and Ullage Volume Results -

PA66 Container, M188E1 Charge

"1:,Or4TA .(I -EF T"PE- &H•b

Ci::HTARIHER LOLT-- RI[-E,'7 1 1-LiF76
H'-H•F'•E T","FE "- M1l ',:Th:• 1

EFFECT I"YE
L I D UILLR'.- FL.O'!0 HOLE

: ' TOPFJ ] - FI- ,O 1-- 1': .:C :FPI.: ,I ArI E TER ':1 ti)

I- :' 1.37 1 1-1'.. fill I" (1 A.

... ' .- . 147 1 , '0. "l (I'-" I" 1 ',94

5 9 E 'Jn. 14 0J F. 0 (1. -J0 1 ;-0 "Ij S 4 1 E.,

3 :0. U 14:4.i .O Ol . .4 4. 8:-,
1 :::-.0. 143954. 91 7 ] : , ,0,0 O 00 t: r;' 061 : 1" 12'? C! -74 1 a:.i ' 4.1.

t 4 _, 1 0 1,1.4 7 U 1 Lt 14..1'-

2 (1':3 . CI 14 2:9:: "•C ( I:: I"( 11 (I:.,: . 0 07''- 49
f, iI 1 4 1. 1 I 'i 1 15!z (It0:-`A40

. 4e - .. O . o 1 14 2 (.', 1 21 ( 1, 5

69•' (.j '-I:• ~l 1 1 C15.•' 2."4i "• fn! . c' " !i10.'1 cl 0 f | :1 .1I'1;": -" 0• 7
69 3 .1' 1 - ] . 4 . o':ii II:1"' ' .I )fI:,::0

H0-: r I. Jn4 r ,i 1403 13 .Il)17 .000:11353

lii, ~~~~I 1 I~~I i 4' I(; 1-4,1e1339

2l t11 14' 19. .5,:-ii A CC.3B:.E71 ~.:. 1.11 1 :-'-9 . '-4 '.S .0 l 114. .000 616 I
1 44 . , , 4 f " (. . 41 "1 1 1

55I5 1 1 41' 1- . 5-4 . nnr1 1) 1111.- 1 " Ic I j11111

0i . f 4. t , 1 G"t 0'. " :1'

I3 -', I' " , Ii .-, , t , :7 -•:1. I' , 1*'1 1' 0. 0: ri: I'tI1 Ij , I1). 1", 0: F1 0. - "

:2. hi;:-: C' 0 140

-4 2_',ll. 0i 1 E5,. 6 5 .- 1-,5. fi.)i ~ f. .' (I' 1 t

lii 7 1: 4. 19 0 (1 6 0 (. 1),37;'~ II. .. I).I 1j 1-1 u

- T T I T I CAFL XU.'"R-' AERrF: . ItiE

IJLIliLE VOLLIME i. 1450 2 ":'S' 7
FLO P FM) :' f; 75 1 0i 0111n 0 0 2 24

HOLE S:.:IZ E "'.Jf'#) .i 'l ' " - * I0IIIt II )IL" 11

TOTR. OF 3 -7 tT AIrEi" TE&::TED: a' riDEF rOII :LIEt
,--' E',,-'E! TORCUE t t'

36

7 
1



Table 5. Leakage and Ullage Volume Results -

PA66 Container, M188EI Charge

Ca4TR INER TYPE- PR66
CONTRINER LOT-- ilU-771-69716N
CHORGE TYPE -- M18_E1

EFFECTIVE

LID ULLRGE FLOW HOLE

. TOPRQUE VOLUME (:SCFM) m iIiSMETER .IMt

76 15Q.013 t132 09:j5 .0 0 .C'C(:O0(k'

77 240 .0 1273. 045 0 00.O Gx 0fi'0 6 (1

76 025.0 1355 0 03 .00,5874 fl_, 406
7~1~O 1-_-{., 76 0.'(;I113•- .0Ci0E96

753 175 .0 13 -3, . 1 -"" Oc 0 & CC .

,:TfATU&TICAL ZSUMO~FWiY M ~ ~ Y19K~IE

ULLf•CE VOLUME 3 37.03c9 14VEJ1.4364

FLOW (SCFM) . 00 1)4 2522 fa f) 0 1) ý1'

HOLE SIZE (IN) . 0 0075 1)00 f 0

T3TFkL OF 4 CC00TRIMERS TEZTED: IJfH'ER TEJ•'T.1'[

4. 

3EF ' O • O iE Iti •
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Table 6. Leakage and Ullage Volume Results -M13A2 Container, M4A2 Charge

C.Ii3TRINiER TYPE- MI3F2
C:ONTAINER LOT-- C-IL-67337
CHARGE TYPE -- M4..

EFFECTIVELID ULLURGE FLOIW HOLEN..' TOlRQUE VOLUME '&CF- DIHMETEPI (IN:.

103 75.0 472.432 .00'4349 .0015686
104 105.0 4,. 6.087 0.0000000 0.0000000105 225.0 492.030 .0016058 .0031852
106 140.0 484.79a' .000,-Q1 20 .01 0l1080107 140.0 478.42?3 .0 4 400" .001545-37
108 130.0 491.545 ?00045c5 .0 0-16841
109 190.0 478.394 " 0 A2 0 01 3111110 175.0 46E9 .:395 .00o",7 .000)7419
111 240.0 472.72--3 .0002769 .112 190.0 479.570 .000"210 .0014=6'I1l:3 300.0 4(04 *39: .f0E Oi 0?-, .L011-31 15?
114 150.0 4- . 3 -'9 0 084 .0011, 08115 325. 0 3'9.945 .0 032288 .3 014381116 310.0 444.6 0 U .00148R 0 00098.1=?2
117 250.0 45n.96.7 .0Q04151 .0016227
119 25..0 472 .5'?0 .00,015S2 0':. 7 972119 150.0 457.207 .0012199120 220.0 4_,'_5 .4. -f .1524 -0099.121 200.0 451.772 .0Oci189o 0fl1093
122 2?5 0 440. 173 00 t=3-9 1 0 0 7 9 0
123 100. ' 4 •7 .276 .('00o190, . 0012443
124 150.0 4".2 6 0 .0 0' 71 . 01(12 3125 "1 0 4'- , '4 O "3) . 0 ' "0
126 200 . 49 0 .915 .0015200 . 00114512_7 E_20. 0 474 ,. 3;20 .0 C,0 17 5 . 0zft 1 4443

2A 240 .0 42,. 511 .0(--: 3_521 .0 4504:0129 1:30.0 295. .(71 .00 C. 1482 Ay 0096 t 2130 .'50.0 505.37Li .0("C',3 ..0076405131 240.0 4 64. .000 1 0011929
132 1-30.0 454 .'979 . )00,284 .0012042
13- '9- 3 .0 479. 18- .0 0 0 29O_ 07 .0(1" 13 4134 110.0 47S.49 .00602402 .00 I P 05'3

38
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Table 6. (Con't) Leakage and Ullage Volume Results
M13A2 Container, M4A2 Charge

EFFECTIVE

L LID ULLLAGE FLWl. HOLE
LS:M TORQUE VOLUME SŽCFM- DI.AMETER (IN.,

135 290.0 476.654 .0001994 .0011426

136 275.0 4"5.930 .0091593 .001021-'2
-1:37 *2360. 0 468 7 0 .0 t0 r-3,S23 . 0 015 2 6

138 330.0 464.714 .0001944 .0011408

139 250.0 459.601 .0Y0269& .0013229

140 125.0 4'06.195 .0004328 .0016461

141 180.0 4:39.317 .0003276 .0014628

142 190.0 462.544 .00: 22 .02122-3 2

143 225.0 472.991 .0003 631 6 .00139:3 2

144 180.0 487.655 .0003673 .0014876

145 350.0 299.212 . 00200 . 0 0 1 0 993

146 210.0 455.207 .0010666 .0025619

147 150.0 485.179 .000-2436 .0012477

148 300.0 434.072 .0002906 .001337 02

19 200.0 449.450 .0002k09 .0013961

150 225.0 441.346 .0001477 .00100-2>2

151 180.0 40!.388 .0002734 .0013218 i
152 100.0 473.344 .000633t8 . 0 0 1 9 06

153 351.0 403.897 .00602028 .0011312

154 350.0 461.851 .000,2705 .0013078

155 120.0 4E0.694 .0004241 .0016o31

156 290.0 475.937 .C:001991 .0011191

1597 225.0 4795.535 .00023388 .0012286

159 150.0 4483.035 .000-,750 .0015428

""99 .0 469.545 .0001965 .0011A65

II0 .,o0 - .0 445.886 .0002239 .0012188

161 351.0 454.029 .00 0309 .0 , 13746

162 340.0 465.367 .C1 , 0003894 .0015754

163 225.0 467.043 . 00r390:; .0015'751

"164 16' .0 477.383 .0005193 .0018156

165 17 475.914 .00003564 .0015144

4 166 2 -' 447.004 .000 -2992 .0014132

&

4
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Table 6. (Con't) Leakage and Ullage Volume Results
M13A2 Container, M4A2 Charge

EFFECT IVE
LID ULLAIGE FLO'. EFFC HOLE

"-:. TOQIUE VOLUME :CFM' DIAMETER (IN)

167 175.0 460.145 .00038151 .0015618

168 351.0 446.20,'; .0JQ 98? .0013499

169 -351.0 454.625 .u'uI! 190J .0011231

170 351 .0 450.893 .00092641 .0013233

171 175.0 452.494 .0002651 .001301172

1772 225.0 441.898 .0001849 .001(717

173 150.0 4%6.968 .08i04482 .0016661

174 250.0 452.365 .000301S .0014045

175 300.0 440.497 .0002520 .0912929

176 340.0 47`3.040 . 0 03563 .0014792

177 230.0 462..221 .0004641 .0016858

178 225.0 464.119 .000 "In:h3'-3 4 .0015660

179 350.0 465.557 .0002727 .0012983

180 120.0 446.409 .00 0329!;_.8 .0013759

181 250.0 349.313 .0002631 .0012850

102 200.0 385.146 .0001611 0010E.180

18-3 175.0 405A4.756 .00O:l t 5lI .00157566

184 351.0 49"' .. 149 .01 .0 0372 9 .001463 0

185 350.0 516.985 .Cf04326 .0016:316

186 280(. 0 42 1.16 1 .000 C' 115 .0011443

, 187 1930.0 :-2' 9I 071 .f0 f, 0 1728 .001 0cr'

188 150.0 4 75 .6 .000 2-388?- . 00124-1

189 2:1 0.0 44 .401 .000:580 .0013299

190 260.0 4'-2. 034 .068702824 . 0 0 1 :330?

191 230.0 3 9.E-:32 .0902541 .001-2585

192 200.0 4'-'- -',9 .00i.3900 .0015852

1'93 300.0 44 .492_ .00 2f15 . 0013179

194 190.0 446 .:?30 .0004482 .0017091

195 250.0 447. 004 .00'299C2 .0014132

196 180.0 49 .071 .006'572 .0013054

197 240.0 364 .50 0 .00(1525 .00098-95

199 220.0 4',f.7 .009 .0 0 052 98 .0019314

40 I'
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Table 6. (Con't) Leakage and Ullage Volume Results
Mt3A2 Container, M4A2 Charge

L

EFFECTIVE
LID ULLRGE FLIIk HOLE

".:vI TOQULIE VOLUME (-CFM', DIMETER (IN.)

199 220.0 47D.482 .0003 035 8 .0 0 195-9

200 3510.0 431 .126 .0003247 .0014646
201 300.0 414.367 .00693 .0ý06-;1
102 150.0 431 .88 .00t 3-C26 .0013467

:-2TATISTICAL SUMMR,,Y MER14 VAP IA, CE

ULLARE VOLUME 451 37128 158S2. 053
FLOW (SCFM). .000449'; . O0C0O) 091"_38
HOLE SIZE (IN) .0014785 .0000006634

TOTAL OlF 100 CO4TAINERS TESTED: ': uh-. T•'•;L.:r

ILI 0 1-, F. r
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Table 7. Leakage and Ullage Volume Results -

M18A2 Container, Ml Charge

CONTAINEFR TYPE- MISR2
CONTAINER LOT-- BFtJ-677?8-OF1970
CHRPGE TYPE -- MI

EFFECTIVE
LID IJLLAGE FLOW HOLE

1., TORQUE VOLUME (SCFM: DIAMETER (IN)

203 175.0 626.286 .0000524 .0006058
204 160.0 444.757 .0000744 .0007095
205 0.0 5'383.374 0.0000000 0.0000000
206 200.0 ,1799.731 .0000502 .000599
207 200.0 $04.175 0.0000000 0.0000000
208 190.0 574.828 .0000481 .0005629
209 210.0 597.375 0.0000000 0.0000000
210 180.0 606.869 0.00-0000 0.0000000
211 180.0 592.312 . 0 0 0496 .0005578
212 180.0 599.052 0.0000000 0.0000000
213 230.0 5:33.58b6 .0001465 .0009516
214 170.0 610.923 .0000511 .0005600
215 200.0 618.278 0.0000000 0.01)00000
21_6 1:30.0 591 .350 0.000600 0.0000000
217 140.0 621.871 0.0000000 0.0000600
L.18 175.0 623.136 .0001564 .0009521
219 190.0 609.676 0.0000000 0.0000000
220 160.0 5976.931 0.0000000 0.0000000
221 160.0 601.912 .0001007 .0007944
222 190.0 602.666 0.00, 0000 0.0000000
2*3 150.0 ". 9' b.2 .000104:3 .0007710
224 120.0 6,3:3.5:32 .0000530 .00059122
225 -230.0 599.830 .0000502 .0005659
226 180.0 619.892 .0000519 .0005639
227 90.0 561 .:3:4 .0000939 .0007448
228 180.0 584.3-'77 .0000978 . 0007743
229 150.0 428.736 . 0 0 0:3 59 .0004741
230 200. 0 5-70 .8 02 .0001446 . 0 00 98,22 ....
2:31 160.0 630 .34.3 . 0000527 .0005918
2:32 160.0 606.190 .0000507 .0005f53

233 150.0 -_:.432 .0000893 .0007584
2.34 150.0 472.926 .00009 .00049?1

42
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Table 7. (Con't) Leakage and Ullage Volume Results -

M18A2 Container, M' Charge

EFFECTIVE
LI]D IJLLAi6E FLOW HOLE

:.1 TORQUE VOLUME (':CFM) DIRMETER (IN)

235 160.0 A11.054 .0001023 .0009030

2136 170.0 603.616 0.0',OOO0 0.0000000

2:37 140.0 608.7-24 .0001019 .0008055

2.38 240.0 E.17.817 .00r'051, .0005748

239 290.0 598.295 .06600501 .0005737

240 140.0 618.527 .00qc518 .0005736

241 130.0 550.446 .0000461 .0005446

242 230.0 589.645 .0000493 .0005701

242 200.0 597.253 .0001000 .0008109

244 175.0 609.373 .0001020 .0009162

245 190.0 597.637 ..0001000 .0008147
246 210.0 592.091 .0000495 .0005793

247 200.0 604.269 .0000506 .0095057

248 190.0 630.399 0.000000, 0.0000000
249 180.0 613.254 .00k10513 .0005842

250 100.0 607.9.31 .0009157 .0024500

251 150.0 621.:382 .000052#) .0006103

202 150.0 630.386 .0000528 .0005q95

STATISTICAL 3 UMMPRY MERN VRPIRMCF

ULLWK3E VOLUME 5i93 .3343 1771 .6%.21 t 1
FLOW (SCFM) 900J7.4 .O0 k, 0 1lE 7

HOLE SIZE (!Mi) 0 05 2 -6 fi 0 j s)i0f?17 A9

TOTAL OF 50 CONTRINERS TESTED: 40- r-[,F, rTIg.'I
I:I .-]' TOPFI.•l•E '
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Table 8. Leakage and Ullage Volume Results -

M18A2 Container, M2 Charge

CONTFITiE, TYPE- M19"2
COrNTRIr4ER LOT-- FWJ-67778-0F1970
CHt'PGE TYPE -- M2

L!

EFFECTIVE
LID UL'._GE FLOW HOLE

S.,Z' TORQUE VOLUME (S;'FM) DIAMETER (IQi

253 351.0 577.4,45.? .0000483 ,0005t44
254 351.0 592.091 .00009.9 .00(18193
255 351.0 56' .56 .0000952 .008578:35
256 :351.0 617.079 .0000516 .0005879
257 351.0 572.523 .0000479 .0005e12
;=58 351.0 569.283 0.0000(60 0.0000000
2599 351.0 540.628 .0060452 .0e05487
260 :351.0 592C .933 0ft00443 .0006109
261 351 .0 93.111 .l0000496 .0005751
2.62 2_00.0 613. 011 . 0 P Ill06 009 -:318 6
263 2"50. 0 4c£9.5 0 . 00719 0 0 6 77

264 :351.0 _3366 .0000313 .00049.04
265 :351.0 506.546 .000 C1849 .0007452
2 66 351.0 42 .417 .00(0*353 .0004820
267 351.0 4f7' .64 .00004341 .0004716
2.68 1.0 479. 175 .0006460 .0005(16C
269 391.0 594.526 .00004% .0005781
270 351.0 575.178 .0 000963 .00108027
271 351.0 610..809 . 0001 (022 . 00,81:32
272 22590.0 653.706 010 85 .0S._'371A9
27? :351.0 614.529 0. 000,01,0 0.0000010
274 :350.0 404.120 .OC00339 .0004735
2725 351.0 5'S-77.911 .0000984 .000S170
276 351.0 59.3 .0000986 .0008128

277 220,.0 603 . 039 000 0504 .0005769
278 351.0 54G5.535 .0010918 .00075,A7
279 _351.0 604.044 .0001011 .0009146
280 351.0 58'0.858 .0000486 .0005(0024281 :351.0 591 .300 . 0 (In-9 0 .000827p2
282 -351.0 619.087 .0000518 .0005! 65
283 351.0 4t5.104 .0 000-'78 .0007143
284 351.0 614.381 .0001028 .0008156
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Table 8. (Con't) Leakage and Ullage Volume Results -

M18A2 Container, M2 Charge

EFFECTIVE
LID ULLAGE FLOW HOLE

C.'/H TORQUE VOLUME (SCFM) DIRMETER (IN)

285 351.0 421.157 .0000352 .0004807
286 351.0 431.076 .0000721 .0006790
287 300.0 386.075 .0000646 .0006515
288 340.0 :385.079 .0000322 .0004520
289 351.0 444.905 .0000372 .0004945
290 351.0 437.551 .0000732 .0006936
291 351.0 359.610 .0000301 .0004426
292 351.0 611.022 .060t1023 .0008103
293 351.0 444.745 .0000372 .0004851
294 351.0 358.594 .0000300 .0004410
295 340.0 397.281 .0000332 .0004645
296 351.0 346.081 .0000579 .0006162
297 351.0 404.471 .0001015 .0008119
298 351.0 415.597 .0000696 .0006706
299 351.0 388.963 .0000:325 .0004555
300 351.0 374.447 .0000313 .0004461

STATISTICAL SUMMPRY MEAM VRPIRF4CE

ULLA6E VOLUME 505.5106 9186.0816
FLOW (SCFM) .0002856 .0000024425
HOLE SIZE (IN) .0007719 .0000014238

TOTRL OF 48 CONTAINERS TESTED: 2 UNDER TORQUED
40 OVER TOPQiJED
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Table 9. Leakage and Ullage Volume Results -

Ml9Al Container M2 Charge

CONTrAIER TYPE- M19RI
COHTAIMER LOT-- IA-BR-35729-54
CHARPGE TYPE -- M2

EFFECTIVE
LID ULLAGE FLOWI.! HOLE

_.'M TORQUE YOLUME CSCFM) DIAMETER (IM)

":301 391.0 348.6:30 .0000583 .0006112

252 351. 0 443.506 .0000371 .0005006
:303 250.0 662.692 .0001664 .0010182
:304 200.0 630.599 .0007388 .0022030
305 260.0 613-567 .0002054 .0011487
3:06 180.0 S 17.535 .0002052 .0011686
:3-07 250.0 726.179 .0001823 .0O(10739
:308 280.0 740.496 .0002479 .0012676
:309 220.0 372.723 .0001461 .0009591
310 300.0 823.0:34 .000421 .0017588

:311 226.0 844.935 0.0000000 0.0000000
:312 260.0 6M9 .341 .0002884 .0013442
313 350.0 .983.358 .0000739 .0007124
:314 200.0 652.165 .0002729 .0013436
:315 100.0 1046.370 .0226784 .0122757
:316 s375.0 361 .036 .0002162 .0011566

317 100.0 671 .265 .0001685 .0010485
:318 200.0 747.354 .0003127 L 0014394
:319 300.0 759.047 .0005081 .0018131
:320 275.0 680f.706 . O00:398 .0015930
321 300.0 702.167 .0001763 .0010553
322 :300.0 785.996 .0058538 .0063496
:323 250.0 778.16i .0003907 .0015555
:2.4 351.0 868 .481 .0002907 .0013949
325 2•.0 Pý5.287 .0002122 .0011989
"::26 ?60.0 917.508 .0003071 .0013401
:327 '150.0 ,398933.874 .000:3740 .0015608
:328 275.0 661 .406 .0002767 .0012981
*325i 250.0 7-06.506 .0002956 .0013680
:33 0 240.0 636.457 .0001065 .0008201

331 200.0 685.835 .0001722 .0010539

2.32 190.0 642.944 .0002152 .001I680

46
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Table 9, (Con't) Leakage and Ullage Volume Results -
M19Al Container M2 Charge

EFFECTXVE
LID ULLRGE FLO3W H1LE

S'hM TORQJUE VOLUME (SCFM) DIAMETER (Ih)

333 275.0 691.725 .0002315 .0011910
334 180.0 649.592 .0000544 .0005845
335 200.0 614.225 .0C00514 .0005663
336 240.0 9ý8.000 .0001536 .0010426
337 260.0 929.669 .0002334 .0012568
338 300.0 715.080 .0001795 .0010661
339 300.0 903.429 .0003780 .0015719
340 230.0 895.968 .0002249 .0012151
341 351.0 915.039 .0003063 .0014057
342 300.0 849.838 .0001422 .0009718
343 220.0 893.682 .0001496 .0009891
344 250.0 893.144 .0001495 .0009640
345 300.0 855.973 .0000716 .0006976
346 260.0 896.836 .0002251 .0012410
347 300.0 839.587 .0000703 .0006865 -
348 230.0 878.431 .0002205 .0012272
349 351.0 910.382 .0009142 .0024737
3 0 310.0 858.415 .0001437 .0009887
351 230.0 649.839 .0002175 .0011606
302 260.0 886.654 .0002968 .0013631

STRTISTIcAL SUHLMRY MEIWE VFIR I IFCE

ULLAGE VOLUME 774.7049 17558.6690
FL.!W (SCF') .0007783 .0000102208
HOLE SIZE (IN) .0014858 .00000300•9

TOTRL OF 52 CONTARItERS TESTEDS iS UH-iEP TOP';EF=
5 OVER TOPOIJ!Er'

4i
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Table 10. Combined Results for the M14A2 Container
with M3 Charge

i::OH TAiiINEP TVFE- Ni 14 4AE
COriTAIrIFR LOT-- C'.JMB I NE D

CH P 15E T',F'P E - P

EFFEC-T IVE.
L rI D ILLALOF FL 0. HOLE

:E.*lTOfrI'LF 0 OLI..; -1E D:~::~: I. FR ME T EP I N)'

I~?5 . c' (Ii: A 1. r':'i49. .f0'9~

: 3:"5 1. f' 61 . B4 :-- (111 I~ ~55 0: 1.1 G

4 .3.15I. (1 5.-7. 457 0)1' )1" O lij U. (10 I 'lO C1 I'

11 4-'1 1' 0 L.. 1- 6 1 **

14 'r'5 0. fi 51 1 ' ~ 10 1) .~ ITlJ

10 3'':. 1 4,!- .4 F 7.. 9I.1'J 4 :o'

14E 2: 5. 1. 1 tj 0l ( .'1 0iCCC 41-
159 1-1u. C-1 492 ,(-'IIi1 1 6 . a CI : ~ ( 1:1-1 C461 S

17A 5 5 CFr, ( IIIPZ 4 f' t;: 7:1,L

24 (i. I- 6:'1* I',- I u 1""!-7 CIiCI 0 4 1

.1 1' 40 1. 1 C I :_f 4; lH4 1CIr4.

I,: J.': c4 1'* 5 1:'i 1 jt
1 ( 1.1. I 491 P1 0IIll4.' .IJ 0CI6. I

.-1 5 42 7i- . f.I Cl 1'. 1 1. -

I. 7 .... E TflPI'JE
".5. 1 Cf 4I.J52 48

24: -..-. ,.-(,,.,K,.6.17 5'2:ý ,,- i
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Table 11. Combined Results for the PA66 Container

with M188E1 Charge

C:ONTrPINER T","FE- PHt07.
CONTAINER LOT-- U':1 B I NrE i

.'H,.IFA'R E T'Y'PE -- 11 "E 1

EFFECTIVE
LID U1 LALL ARE FLIJ l.,. HOLE

S,."H TOP"i 'F ,[LUIvIE • ' ,I:, r t i Ar-EE TEF ' I HN)

56 , (1n. 0 1 25:-. :S:- 0 . 11 000 010 0. ( i0 (10 0:
5 7' : i . t3 1 :',73 . 5 11 . ,i fi j 1 4 , 0 0 0" 7 E,

1)_ . ,':' . a 14(14. . A 1'. (.1235. 0 .O. t 1 794
".59 J. A 14'00. 5 . if 7; 10- . 0 n e", 416

ei 2:3 (. . 14.3 4. ?.8, . u l a t2 .71: ':_B 1 I

fI D5 0. 0 1;39 2 . 9 19 1 .1 ih 0 0.. I. .I n i:stni:I ii

5 :51. I' 1454. 797 000 24:-5 . 0 12 09?
0:: . i 1:, 9 .. ,( i 1 . 1 0 10::-2' 1)0 1: 79 4

6 4,:31. 0 140 . 0 i.'5133 0. 0 1100 0 G
6,5 C'S 1:: . 0 1:- '_'.' '9 , .0 ,._3 -- ' .0 1;'1 0.

E6 12 8 4 . 0 14: .1 1,: .71 Z, 000 9 C;:0 : 4 '.i
0 1214 E.4 .71:.001 1 40 . 004 G

E ',:40 1. 3 1), 5 .:24 6 0 101 i:0 1 '*,L,-, .' 0-: 0 7:
,. CI 1. 0 CI 140:_3', 11 0 1.1174 . 00 n 1 6 56

(1 : . 1: 1 3-99 4:,. 00010 171 .(1 0:3 16
,-- ;5. 0 1419. . 0 0 CID :-?± .01: O :12110

03 0. C .1415. ,_; 1 .3, 0. 0 0 "'1 0 0 0. 0 52 '0 n i0

74 24 0. 0 1400. IF3 . 0,7:345 .1') 1244 5
5 z'51] (1 1 4 2 flf''" G ' - 121 .-

8' 17 25 . CI 1:-.'64. : `4 C t 4:- 44 .
; , ! 30 1). 3 E 1 367. . '1 2 ; '1 f0 (Incl (I r.1 "I n A , I

:07
,:Z 2 101 0I 1406 ". '"-3 0 153.. .73 1"1 :-51 :` 9:--

1:. 0 1355. 745 0 0 .. • ...... 0G (1 -n ,
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Table 12. Results of Container Testing After
Lid Re-Torque
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tag, and when opened was found to contain only a partial charge. In
order to maintain uniformity in the test population, this container
was omitted from further testing.

Table 13 presents the results of the determination of leakage hole
size for the various container/charge configurations and the overall
results. As can be seen, the largest mean effective leakage hole size
.r r-ny container/charge configuration does not exceed 1.5 mils while

the mean effective leakage hole size for the total population of 349
containers does not exceed 1.2 mils.

L 4 5Based upon the work of Somerville as reported by Natrella , we
can determine the largest value of a selected parameter for a desired
confidence level such that a known percentage of the population can be
said to lie below that maximum value. Applying this procedure to the
effective leakage hole size and utilizing table A-31 of Reference 4 we
obtain the results presented in Table 14.

This relates the leakage hole size to the confidence of finding
the stated population percentage below (less than) that hole size.
For example, we can state that we have a 90% confidence that 95% of all
hole sizes in any test population will be less than 0.003079 inches
in diameter.

Automated Load and Pack (LAP) Line Test Equipment

Requirements

Equipment destined to be utilized on automated load and pack as-
sembly lines must be capable of detecting leakage rates that are in-
dicative of unacceptable containers. In order to accomplish this goal,
the pressure transducer used must have sufficient resolution to be able
to detect the pressure decay due to leakage over and above that caused
by adiabatic cooling for any container size and ullage volume.

Using the results of Table 14 in ýonjunction with Figures 4 and 5,
we can determine the leakage factors for any population percentage,
confidence level, and test pressure. Dividing the leakage factors by
the container ullage volume would then result in the minimum transducer
resolution needed for the selected test conditions. Table 15 presents
the minimum transducer resolutions needed for a given population
percentage, confidence level and test pressure, and are based upon the
largest ullage volume as determined by the loaded container testing.
The resolutions given in the table must be multiplied by the pressure
test time in order to arrive at the true resolution needed.

The use of Table 15 can best be shown by the following example:

Problem: We wish to have a 95% confidence that 95% of all containers
have leakage holes less than or equal to 0.0031 inches. We
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Table 13. Summary of Loaded Container Test Results

Mean Effective
Container Charge Leakage Hole Size

M13A2 M4A2 0.0014785

Mi4A2 M3 0.0010827

M18A2 Ml 0.0005296

M18A2 M2 0.0007719

M19AI M2 0.0014858

PA66 M188E1 0.0009587

PA66 M188EIM 0.0009366

PA66* M188EI 0.0005103

Total Summary 0.0011168

Total of 351 Containers Tested:

126 Under Torqued

69 Over Torqued

17 Zero Lid Torque*

2 Omitted From Testing

* Re-Torqued then tested

4o
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expect the cDntainer pressure test to last 5 seconds and the
initial container pressure to be 3.0 psig.

Solution: From Table 14 we see that the leakage hole size was chosen
consistent with the confidence level and population percentage.

Entering Table 15 with these values we see that for a test
pressure of 3.0 psig, the needed transducer resolution is
0.00529 PSI/SEC. Multiplying this by the container test
time of 5 seconds yields the minimuin transducer resolution
of 0.026 PST. Therefore in order to conduct a leakage test
under the given conditions, we must select a transducer
capable of resolving pressure levels to at least 0.026 PSI.

Availability

Although it is known that several comyiercial firms such as Uson,
Inc., and Himmelstein & Co. manufacture total systems for the determination
of pressure decay in closed containers, the vast majority of leakage
test equipment manufactured is of the halogen or helium "sniffer" type
which does not lend itself to employment on a high speed automated LAP
line.

With the advent of microprocessor control systems and their ap-
plication to LAP lines, it is felt that the measurements and calculations
needed for leakage rate determination can be best accomplished by uti-
lizing these systems instead of employing a discrete test system. All
accept/reject criteria would then reside in the central processor read-
only memory (ROM) and the processor itself would accomplish all the
necessary computations based upon a pre-stored subprogram and the data
it receives from the remote pressure transducer.

The availability of equipment therefore reduces to the .availabil--
ity of pressure transducers with adaquate sensitivity/resolution to
measure the unit time pressure decays as given by Table 15. The appendix
presents a short list of manufacturers that produce pressure transducers
with sufficient accuracy to be employed on LAP lines. It should be
noted that this list is by no means exhaustive and that the final
choice of equipment/suppliers will depend upon the specific application,
the availability of the equipment, and its compatibility with the other
LAP line equipment,

5
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CONCLUSIONS AND RECOMMENDATIONS

As a result of the efforts documented by this report, the follow-
ing conclusions have been reached:

I. An, adewuate theory exists that relates effective leakage
hole size to the observed pressure decay in the container
and the container ullage volume.

L 2. Laboratory testing has shown a good correlation between
theoretical ard empirical results.

3. A maximum container test pressure has been established that
is typically iess than 34.5 kPa (5.0 PSIG).

4. As a result of a svries of tests conducted with loaded pro-
pellant containers, a mean ullage volume has been established
for each container/charge combination considered. Vari to
in container ullage volume, as measured, typically run
between 3% and 19% of this mean value.

5. Applying the developed theory to the results of the loaded
container tests has shown that the effective leakage hole
size for all the containei's tested is on tne order of 25
micrometers (0.001 inch).

2As a result of this effort and the previous work in this area
the leakage characteristics of propellant containers have been suffi-
ciently determined and no further effort should be required in this
area.

Due to the large number of manufacturers producing pressure
transducers and the variety of sensing means employed in the transducers,
no single manufacturer/transducer type can be recommended. Selection
of an appropriate transducer will depend upon parameters fixed by the
LAP line design, such as available test time as established by the line
production rate, and the decision to employ centralized or discrete
test decision logic circuits.
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APPENDIX

Selected Transducer Manufacturers

Beacon, Inc.
Bell & Howell Co. - CEC Instruments Div
Condec Corp/Consolidated
Datametrics, Inc.
Foxboro Co./ICT, Inc.
Genisco Technology Corp.
Himmrelstein & Co.
Honeywell, Inc.
Lynch Corp/Cox Instruments
Robinson - Halpern Co.
Rosemount, Inc.
Schaevitz Engineering
Sensotec, Inc.
Setra Systems, Inc.
Sybron Corp/Taylor
Systron - Donner Corp.
Viatran Corp.
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